Evaluation and payment for health plans and providers have been increasingly tied to their performance on quality metrics, which can be influenced by patient-and community-level sociodemographic factors. The aim of this study was to examine whether performance on Healthcare Effectiveness Data and Information Set (HEDIS) measures varied as a function of community sociodemographic characteristics at the primary care clinic level. Twenty-two primary care sites of a large multispecialty group practice were studied during the period of April 2013 to June 2016. Significant associations were found between sites' performance on selected HEDIS measures and their neighborhood sociodemographic characteristics. Outcome measures had stronger associations with sociodemographic factors than did process measures, with a range of significant correlation coefficients (absolute value, regardless of sign) from 0.44 to 0.72. Sociodemographic factors accounted for as much as 25% to 50% of the observed variance in measures such as HbA1c or blood pressure control.
As pay-for-performance programs continue to expand for health plans and health care providers, the properties of measures used to define performance have come under increasing scrutiny. One concern about some measures is the issue of possible bias against safety net providers 1,2 or health plans serving disproportionately large numbers of low-income members. 3 A measurement bias can be present if a measure is affected by factors such as income, literacy, homelessness, or lack of social support at the individual level, or by similar factors at a neighborhood or community level, 4, 5 through causal pathways that do not involve provider or plan quality.
There has been significant controversy about the issue of statistical adjustment for social and demographic factors. 6, 7 Those who favor adjustment have argued that plans and providers should not be penalized for factors outside their control, and that statistical adjustment is essential if the measures used for pay for performance and/or public reporting are to be fair and informative. 8, 9 Those opposed to adjustment argue that adjustment will establish lower standards or expectations for plans or providers serving low-income or otherwise "vulnerable" populations and that adjustment may mask quality of care disparities. 10, 11 Most of the recent controversy has been set in the context of hospital readmissions, given the empirical finding of higher penalties for safety net hospitals 1, 12 or hospitals located in high-poverty cities such as Detroit. 13 The controversy can be expected to continue, and perhaps to gain in intensity, as pay-for-performance programs expand into the physician payment domain. The rules for implementation of the Medicare and CHIP Reauthorization Act of 2015 (MACRA) are expected to put 70% or more of the physicians in the United States into the Merit-based Incentive Payment System (MIPS), in which Medicare fee schedule payments will vary by as 1 Henry Ford Health System, Detroit, MI 2 Henry Ford Medical Group, Detroit, MI much as ±9% by 2022 depending on a physician's or group's relative performance on a set of standard performance metrics.
14 Because some of the metrics included in MIPS are known to be affected by patient-and community-level sociodemographic variables, 15, 16 there is a clear possibility that physicians and groups serving lowincome or otherwise "vulnerable" patients and communities could be subject to financial penalties in the absence of some form of adjustment for sociodemographic status (SDS) factors in some measures. (The terms sociodemographics or SDS are used throughout this report because the analysis included both socioeconomic status [eg, poverty] and demographic [eg, race] factors.)
The relationships between patient-and communitylevel SDS factors and measures of "performance" are typically studied in the context of large national data sets with hundreds or thousands of plans or providers-some with relatively large proportions of at-risk or vulnerable patients or members, and some with relatively small proportions. 17, 18 In those analyses, it is often difficult to separate the effects of true quality of care from those of causal pathways independent of quality. If, for example, providers in inner-city areas have lower scores on average than other providers on some measure, is that because those providers are truly lower in the average quality of care they provide, or is it because factors outside their control and independent of quality (eg, poor public transportation options) are affecting the measure and quality in fact is not lower? There are some statistical approaches trying to separate the 2 possible explanations, 18, 19 with some promising results when applied to analyses of physician-level quality measures. 20 It is also possible to study the effects of individual-or community-level SDS factors in the context of single large organizations, where multiple analyzable "units" exist that are the same in terms of their structure (eg, staffing levels, equipment, information technology infrastructure, experience and credentials of clinicians) and their key process of care properties (eg, clinical guidelines, formularies, patient education policies and processes), but different in terms of the social and demographic characteristics of the patients and communities they serve. Observed differences in "performance" across units would presumably be more easily attributable to causal pathways other than actual quality of care provided than to actual differences in quality across units, as there are no meaningful differences in terms of key structure and process dimensions of quality.
The purpose of the present study was to examine whether performance on Healthcare Effectiveness Data and Information Set (HEDIS) measures varied as a function of SDS characteristics of the neighborhoods served by a group of primary care sites of a large health care organization. Based on the body of earlier evidence on the relationship between SDS factors and quality measures, the main hypothesis was that neighborhood characteristics would be related to the clinic sites' performance on HEDIS measures, with sites located in higher SDS communities having better performance than those located in lower SDS communities. The secondary hypothesis was that this relationship would be stronger for performance indicators measuring health care outcomes than for those measuring health care processes that are generally more directly under the control of the clinics.
Methods

Study Sites
This study examined primary care clinics operated by the Henry Ford Medical Group (HFMG) of the Henry Ford Health System, a large integrated delivery system in Southeast Michigan. HFMG maintains a large primary care network in diverse locations, from low-income Detroit neighborhoods to the affluent suburbs. All sites operate under the same administrative and clinical leadership, administrative and clinical policies, and single electronic medical record system. All physicians, nurses, midlevel providers, and support staff are salaried employees of HFMG. Clinic buildings follow a standardized model of number of exam rooms and support staff per provider, and have the same standardized clinic protocols, supplies and other resources, physician credentialing, centralized scheduling, nurse-on-call center, access to specialty referrals and ancillary testing, and case management group. Other characteristics of the sites are shown in Table 1 , including metrics for access to care (time to next available adult office visit appointment), staff support for care (Panel Manager Associates outreach for gaps in care), and patient experience of care (percentage of patients answering "yes" to the Clinician and Group Consumer Assessment of Healthcare Providers and Systems survey item: "When you made this appointment for checkup or routine care, did you get the appointment you thought you needed?").
As part of the ongoing process of quality measurement and improvement, HFMG calculates HEDIS measures at the "clinic" level, with "clinic" being a physical location in which multiple primary care physicians practice. Measures are calculated and reported according to the standard current measure specifications for numerators and denominators.
All HFMG clinic sites with at least 300 primary patients in any month within the study period were included. Primary patients were defined as those who had at least 2 visits in the last 24 months and at least 1 visit in the last 12 months with any primary care practitioner at any location. 
HEDIS Measures
This study focused on HEDIS measures that met the following selection criteria: (1) clinic sites had large enough patient populations so that calculations of measure rates were reliable; (2) clinic sites had continuous data for the entire study period; (3) measures were most frequently studied in the context of racial/ethnic or socioeconomic disparities in quality of care; and (4) . The measures were grouped under "process" and "outcome" measures, where all "screening" and "testing" measures were considered process measures, and "control" and "poor control" measures were considered outcome measures. The 3 outcome measures (HbA1c poor control, LDL control, and BP control) are all intermediate outcomes rather than end-state disease outcomes, but the term "outcome" is used here for convenience.
SDS Factors
As an indicator of SDS of the area served by each clinic, the 5-digit zip codes for each clinic were matched to the Census' 2010-2014 American Community Survey 5-year estimates data. Guided by previous studies, the following zip code-level sociodemographic factors were used: 4 socioeconomic and 1 demographic: median household income in the past 12 months; percentage of the population below the poverty level; percentage of the population with high school graduate or higher educational attainment; unemployment rate among the population ages 16 years and older; and percentage of blacks or African Americans. Each of these 5 SDS factors measures different aspects of the community's characteristics, although they are generally correlated with each other. Use of zip code-level data was seen as a reasonable proxy for patient-level SDS data. Studies have shown that patients typically use primary care services close to home 21 so that characteristics of the area in which the clinic is located is a reasonable proxy for the characteristics of the patients served by the clinic. 22 The characteristics of the area also reflect area-level variables possibly affecting health outcomes (eg, local transportation options, strength of social support services) that conceptually separate from patient characteristics. 22 
Analytical Approaches
The primary analysis was conducted using Pearson's product-moment correlations to assess the strength and significance of the association between clinic sites' HEDIS performance and their neighborhood sociodemographics over a 12-month period from July 2015 to June 2016. For each site, the 12 monthly rates were averaged to obtain an annual rate for each of the HEDIS measures examined. A Benjamini and Hochberg correction was used for multiple comparisons 23, 24 ; even though the study team had strong a priori hypotheses about the expected direction of effects, the team did recognize that the analysis would involve multiple statistical tests rather than a single primary test. Because clinics were the unit of analysis, the sample size available for analysis did not allow for multivariable regression modeling; bivariate relationships between SDS factors and HEDIS measures are reported here.
To further explore the time trend of the association, HEDIS data were obtained from the second quarter of 2013. The clinic sites were categorized into 3 SDS groups according to the median household income in the neighborhoods in which the clinic sites were located, with the top 7 and the bottom 7 sites as the high-and low-SDS groups, respectively, and the remaining 8 in the middle as the medium-SDS group. Each site's monthly HEDIS rates were first averaged to obtain the site's quarterly rates, which were then averaged within all the sites in the same SDS group to obtain that SDS group's quarterly rates. Thirteen quarters of HEDIS rates were observed from April 2013 to June 2016. The study team focused this trend observation on the pair of HbA1c measures: HbA1c testing (process of care) and HbA1c poor control (outcome).
Results
Descriptions of Study Clinic Sites
There were 22 sites in the study. Table 2 reports ranges, means, and standard deviations of SDS characteristics of the clinic sites, as well as their performance on HEDIS measures. The clinic sites served communities with large variations in race, income, education, and employment status. For example, although half of the sites served communities that were less than 10% African American, more than 95% of the residents of the zip code in which one of the Detroit clinics was located were African Americans. Median household income was as high as nearly $95 000 in one of the suburban clinic zip codes, but was barely $20 000 in central Detroit, where one of the clinics was located. Gaps in educational attainment were not as wide as those in other indicators: the percentage of population who were high school graduates or above was more than 80% at almost all sites, except for 2 sites, which were less than 70%. Performance on HEDIS measures showed a range of 10 to 20 percentage points difference between best-and worst-performing sites. Table 3 presents results of the correlation analysis; correlation coefficients and significance levels are reported for each pair of HEDIS measures and SDS factors.
Associations Between HEDIS and SDS
Significant associations were found between clinic sites' performance on HEDIS measures and their neighborhood SDS. The signs of all significant (P < .05) or Bold italic formatting indicates significant results at P < .05. ***P < .001. **P < .01. *P < .05. † marginally significant (P < .10) correlation coefficients ran in the expected directions, meaning higher SDS in the community in which a clinic was located (eg, higher median household income, lower unemployment rate) was related to better performance (eg, higher colorectal screening rate, lower HbA1c poor control rate).
Outcome measures seemed to have stronger associations with SDS than did process measures. All 3 outcome measures were either significantly or marginally significantly associated with all SDS factors except for educational attainment. Only 2 process measures (colorectal cancer and LDL screenings) were either significantly or marginally significantly associated with all SDS factors, while the remaining 3 (cervical cancer, breast cancer, and HbA1c screenings) were not associated with any SDS factor. In terms of the correlation coefficients values, the average (absolute, regardless of sign) value of all correlation coefficients between process measures and SDS factors was 0.30; the average coefficient between outcome measures and SDS factors was 0.47.
Among the 5 SDS factors, educational attainment was the least predictive: it was not significantly associated with any outcome measure, and only significantly associated with 1 process measure (colorectal cancer screening) and marginally associated with another (LDL screening). Unemployment rate and race, which measure different aspects of community SDS, were both significantly associated with all 3 outcome measures. Median household income was significantly associated with HbA1c poor control and BP control and marginally associated with LDL control, while poverty was significantly associated with BP control and marginally associated with HbA1c poor control and LDL control. All SDS factors were either significantly or marginally significantly associated with 2 process measures (colorectal screening and LDL screening) but not others. Figures 1 and 2 illustrate quarterly changes of HbA1c testing and HbA1c poor control rates, respectively, from April 2013 to June 2016, for low-, medium-, and high-SDS sites. All 3 SDS groups started with comparatively high HbA1c testing rates-all above 90%-in the second quarter of 2013. Over time, changes were not substantial among any SDS group, but the small gaps between groups narrowed over the 3-year period and the testing rates were almost identical by midyear 2016, largely because of the gradual catching up of the low-SDS sites after the establishment of a point-of-care testing program in those sites. In comparison, the low-and high-SDS sites initially had a 4.5 percentage point difference in HbA1c poor control performance in early 2013, and this gap never went away or was narrowed, if not slightly increased, over the 3-year period.
Time Trend of the Associations
Discussion
The main finding of this set of analyses is a strong and significant correlation between neighborhood SDS factors and HEDIS performance measures, particularly those measures presumed to reflect outcomes of care. This is consistent with findings of previous studies examining similar relationships within a single health system 25 and across 160 physician organizations. 22 The present study was able to control for important confounding factors because of the structure and process comparability of the study sites.
The relative strength of correlations followed a clear pattern: weakest correlations for process measures most directly under the control of the clinics being measured (eg, HbA1c testing); moderate correlations for process measures requiring more significant involvement or preplanning by the patient (eg, colonoscopy, LDL screening involving fasting); and highest correlations for outcome measures reflecting significant influences of lifestyle or extended periods of time from clinical care activities to measurement (eg, HbA1c control, BP control). Specific SDS factors accounted for as much as 25% to 50% of the observed variance in measures such as HbA1c or BP control.
Many of these relationships have been observed by others, 17, 18, 22, 25 but interpretation in terms of implications for quality of care measurement has typically been challenging because it has been difficult to separate effects of actual quality of care delivered from confounding effects at both the individual patient and community levels. Statistical methods exist for trying to separate the 2 sets of contributing factors (process quality and non-health care factors) 18, 19, 20 but there still can be difficulty in sorting out whether observed differences are related to "where you go" versus "who you are" or "where you live." 26 The study reported here was done in a context in which the actual quality of care delivered, in both structure and process domains, was as comparable as one could have in an observational study. The clinics were all part of the same parent organization, with physicians all part of the same group practice; all paid with the same combination of salary and performance incentives; all using the same medical record system with the same sets of embedded guidelines, prompts, and reminders; all with the same support staff, equipment, and supplies; all with the same access to needed testing or specialty referral services; and all with the same level of appointment access. The study team did not have any valid, independent (non-HEDIS) measures of "quality" of individual primary care physicians, but there was no pattern of any kind of "better" or more senior physicians working in clinics serving affluent communities. To these extents were there any relevant differences at all in either structure or process, those differences would have favored the low-SDS clinics. For example, the use of point-of-care HbA1c testing, which allows doctors to get a test result and act on it immediately while face-to-face with a patient, was specific to low-SDS clinics as an initiative to eliminate any disparities in testing rates. Although certain characteristics (eg, number of specialty services on site, number of days to next non-acute appointment) might vary across clinics, there is no a priori reason to presume that a characteristic such as specialty services or pharmacy on site is related to patient outcome measures such as HbA1c control. There was no evidence that higher SDS (eg, wealthier) communities had better access to services, which may or may not relate to patient outcomes.
Policy Implications
Inclusion of quality measures in a formal system of comparative quality measurement and reporting, without some form of adjustment for SDS factors, would lead to the conclusion that low-SDS clinics and their providers are "bad" and high-SDS clinics and their providers are "good." Linking these measures to financial performance incentives, again, without adjustment, would provide financial rewards to the high-SDS clinics and providers and would punish the low-SDS clinics and providers.
This situation is likely to occur on a national scale in the coming physician quality reporting and incentive system created by the MACRA. MIPS includes a quality measurement component that is built around measures such as those included in this study. Physicians in primary care and some other physicians likely will be evaluated by measures affected by patient-level and community-level SDS factors, with financial rewards and penalties as high as ±9%.
14 The potential for rewards to physicians serving high-SDS patients and communities, and for corresponding punishments to physicians serving low-SDS patients and communities, seems clear. This pattern of rewards and punishments would create strong financial incentives for physicians to avoid serving low-SDS patients and communities.
There is no disagreement on the point that social, economic, or racial/ethnic disparities in health or health care are important problems that must be addressed. The ongoing debate about the need for sociodemographic adjustment of quality metrics used in pay-for-performance programs is about whether disparities are more likely to persist or be exacerbated by adjustment, or by absence of adjustment.
Limitations
This study has some limitations. The generalizability of this study is limited. There is no single best SDS factor being able to capture the complex dynamics of communities, and because of the relatively small number of clinics included in the study, the study team was unable to formally test the independence of the individual SDS factor effects. These SDS factors are clearly highly correlated with each other, and the team does not presume that their effects are independent. Future research, when possible, should examine this topic using larger data sets. There conceivably may have been some unmeasured factors, including subtle or unmeasured differences in structural/process variables and physician/ supporting staff quality among the clinics studied, that did have some influence on the set of HEDIS measures. However, given the study team's close and direct knowledge of the clinics and their staff, as well as consultation with administrative and clinical leaders of the primary care network, the team could not identify any such factors. Finally, the zip code-level SDS factors are only proxies for characteristics of the patients served at these clinics, but other analyses in the study organization as well as studies elsewhere suggest that primary care clinics in a large urban/suburban area typically serve a local catchment area, with patients generally unlikely to travel long distances to receive primary care when local options are available. 21, 22 The zip code-level SDS factors do capture characteristics of the areas served by these clinics, even if there is some question about their accuracy in describing specific clinic patients.
